In many monogamous species, females behave aggressively toward other females, as they may threaten their exclusive access to paternal resources. However, in species with a high degree of breeding asynchrony not all females are true reproductive rivals. Female ornamentation that advertises sexual receptivity is a possible mechanism whereby parental females could assess the potential threat of rival females and attack only those which could challenge their mating status. Convict cichlids (Amatitlania siquia) are sexually dichromatic, monogamous fish that exhibit biparental care. Females develop gold ventral coloration when reproductively receptive and actively court males. We presented breeding pairs of convict cichlids with confined conspecific females to investigate whether parental response was affected by the intruder's reproductive status. We also investigated whether differences in partner quality within breeding pairs mediated the response to intruders, as mate quality influences both intra-and intersexual dynamics in many monogamous species. We found parental females responded more aggressively to reproductive intruders and that parental females mated to high quality males decreased the aggression they directed at general brood predators during the reproductive intruder presentation. Contrary to our predictions, we also found that males behaved aggressively toward reproductive intruders, particularly when paired with small females. Our results indicate that both parents engage in pair-bond defense and that differences in partner quality determine the level of aggression directed at extra-pair reproductive females. These findings suggest that when biparental care greatly increases offspring survival, reproductive success for both sexes may be maximized by cooperation and coordination, rather than conflict.
INTRODUCTION
Male parental care can greatly increase offspring survival and females often compete for access to this resource (Summers 1989; Sandell and Smith 1997; Wong et al. 2008) . Many monogamous species exhibit mating system flexibility and when males attract additional females a shift to facultative polygyny occurs (Davies 1985) . However, this can generate conflict between parents, with the female's preference to monopolize paternal resources opposing the male's desire to attract additional mates (Kokita and Nakazono 2001; Smith and Sandell 2005) . Females direct aggressive, sometimes lethal (Morales et al. 2014) , behavior toward rival females when threatened by a shift from monogamy to polygyny and this aggression can successfully prevent additional females from mating with their partner (Hannon 1984; Dunn and Hannon 1991; Liker and Székely 1997) . For example, female blue tits (Cyanistes caeruleus) behave aggressively toward floater females that attempt to settle as a secondary female in the male's territory, and Kempenaers (1994) found that only 20% of floater females were successful in settling due to the primary female repeatedly chasing the other female out of the territory.
Studies that have examined female defense of mating status have typically focused on species that are monomorphic or those in which males are the ornamented sex (Yasukawa and Searcy 1982; Slagsvold 1993; Sandell 1998; Brandtmann et al. 1999; Kokita 2002) . The lack of conspicuous female ornamentation in these species requires parental females to respond equally to all extrapair females, regardless of the actual threat posed to maternal mating status. However, in many species females are ornamented, and these visual cues provide information that can indicate maternal reproductive status (Cooper and Crews 1987; Baird 2004; Pizzolon et al. 2008; Chan et al. 2009 ) or quality (Weiss 2006; Cornwallis and Birkhead 2007; Doutrelant et al. 2008) . While the role of female ornamentation in mate attraction and competition is well studied, it is unknown whether visual signals modulate postmating dynamics. For example, males could assess potential new mates, while their partners could determine which females threaten their exclusive access to paternal resources, based on the degree of ornamentation of extra-pair females. This would allow for a dynamic response by parental females, where unnecessary contests (Morales et al. 2014) are avoided, and only extra-pair females that pose a threat to the parental female's breeding status are attacked.
In many species of fish, females advertise their reproductive status via ornamentation that is hormonally controlled (Sköld et al. 2008 ) and capable of rapid change (Rowland et al. 1991) ; thus, advertising real-time information about a female's reproductive status. This dynamic signaling capability, combined with the fact that female fish often compete for male parental care (Rosenqvist 1990; Forsgren et al. 2004) , make this taxon an excellent system to investigate whether parental females alter their response to extra-pair females that differ in their level of threat, as advertised by a visual signal. The ornamentation often takes the form of carotenoidbased ventral coloration and can be an honest indicator of female health and quality Sefc et al. 2014) . The degree of ornamentation is often used as an intersexual signal and males prefer females with more exaggerated signals (Amundsen and Forsgren 2001; Baldauf et al. 2011) . The coloration can also serve as an intrasexual indicator of fighting ability, with females either increasing (Beeching et al. 1998) or decreasing (Berglund and Rosenqvist 2009 ) their competitive behavior when presented with more ornamented rivals. Additionally, female ornamentation can serve simultaneously as an inter-and intrasexual signal. In the biparental African cichlid Pelvicachromis taeniatus, males prefer females with a larger area of ventral coloration, as it indicates fecundity and maternal quality, while more brightly colored females are more aggressive and have a higher likelihood of winning intrasexual contests (Baldauf et al. 2011) .
Convict cichlids (Amatitlania siquia; Schmitter-Soto 2007) are a sexually dichromatic (Beeching et al. 1998 ) freshwater fish endemic to Central America (Bussing 1987) . Females exhibit 3 distinct color phases, which correspond to their reproductive status. Nonbreeding females are pale tan and grey, with muted vertical bars (Figure 1a) . Although the timing and cue remains unclear, prior to mating females develop carotenoid-based (Brown et al. 2013; Brown et al. 2014; Sefc et al. 2014) gold ventral coloration, with dark grey and black pigmentation partially obscuring the bars (Figure 1b) . Female convict cichlids with this coloration have a higher ovary mass compared to nonbreeding and breeding females (Wisenden 1995) , indicating an elevated level of reproductive investment associated with ornamentation. The yellow-orange ventral coloration is reduced, but still present after mating and during the egg-guarding phase (approximately 48 h after spawning; A. Robart, personal observation). Anderson et al. (2014) tracked ventral coloration of female convict cichlids through a breeding event and hypothesized that the decline in ornamentation intensity between spawning and subsequent parental care was due to females reallocating carotenoids to eggs or the female's reduced foraging ability during parental care. This reduction in signaling suggests allocation trade-offs and the possibility that in addition to advertising female reproductive status, the carotenoid-based signal also serves as an honest indicator of female quality in convict cichlids. However, Sefc et al. (2014) synthesized the findings of both field and laboratory studies and suggested that this may not be the case, particularly since carotenoids do not appear to be limited in natural habitats. Females transition (b) (a) Figure 1 Nonreproductive intruders were olive colored (a), whereas reproductive intruders were identified based on gold ventral coloration (b).
to the parental care color phase by the time the fry become freeswimming (approximately 7-10 days after spawning; Anderson et al. 2014; A. Robart, personal observation) . This coloration is characterized by strongly contrasting black bars against a white background. Females retain this coloration for the duration of the parental care phase, which lasts up to 6 weeks.
Courtship and breeding in convict cichlids is characterized by females following a male and chasing away other females in his vicinity (Mackereth and Keenleyside 1993) . Ornamented females actively court males, including those that are already guarding young with a female partner (Wisenden 1995; A. Robart, personal observation) . Intrasexual selection in females may be the stronger driver of mating dynamics, as laboratory experiments have found that when new partners are available, divorce is more likely to be influenced by female, rather than male, intrasexual interactions (Triefenbach and Itzkowitz 1998) . Breeding territories are not established until the day of spawning (Mackereth and Keenleyside 1993) , suggesting that the timing of breeding is also strongly female-dependent. Both parents care for young, with protection from both conspecific and heterospecific predators the main form of parental care. They typically exhibit sequential monogamy, but males will sometimes abandon young before independence (Wisenden 1994a) . Females are less successful at caring for young on their own in other cichlids (Nagoshi 1987; Balshine-Earn 1997; Lehtonen et al. 2011) , suggesting that female reproductive success is reduced when males terminate the pair-bond prior to offspring independence. Males can potentially mate up to 4 times during the 6-month breeding season; however, females rarely breed more than once per season (Wisenden 1995) , resulting in a high degree of breeding asynchrony. A consequence of asynchronous breeding is that males have an increased opportunity for polygyny (Emlen and Oring 1977; Kempenaers 1993) , while parental females have a heightened risk of interacting with rival females that could challenge their mating status.
Convict cichlids also provide an opportunity to examine whether maternal response to ornamented extra-pair females is affected by partner quality. Large males are more successful at defending offspring from potential predators (Gagliardi-Seeley and Itzkowitz 2006) and raise more young to independence (Wisenden 1994a) , indicating females gain a fitness benefit from pairing with larger males. Due to size assortative mating, however, small females typically pair with small males, and therefore may not obtain the reproductive benefits associated with larger mates. When a female does obtain a mate much larger than herself, and thus of higher quality, maternal care provided to the offspring is greater compared to females paired with smaller, lower quality males (Robart 2012) . Females respond more aggressively to intruders when paired with higher quality mates in other monogamous species (Whiteman and Côté 2003; Rodway 2013) , suggesting partner quality can influence post-mating social dynamics with both intra-and intersexual effects.
We investigated both intra-and intersexual interactions with the aim of revealing whether an ornament-based signal of reproductive status in extra-pair female intruders alters mating and parental care dynamics, potentially leading to increased conflict between the parents as each sex attempts to maximize its reproductive success. We examined male and female response during the parental care phase to female conspecific intruders that differed in their coloration, which served as a proxy for reproductive status. We predicted parental females would behave more aggressively to reproductive intruders than nonreproductive intruders. Conversely, since reproductive females are potential new mates, we predicted males would be less aggressive toward reproductive female intruders relative to their response to nonreproductive female intruders. Finally, we predicted that females paired with high quality mates would consider extra-pair females to be a greater threat and display higher levels of aggression toward the intruders.
MATERIAL AND METHODS
We conducted this experiment in Lomas de Barbudal Biological Reserve, Guanacaste, Costa Rica (10°30′N, 85°22′W). Permits were approved by the Ministerio de Ambiente, Energía y Telecomunicaciones (MINAE) of Costa Rica, with animal handling protocols approved by the Institutional Animal Care and Use Committee (IACUC) at the University of California, Santa Cruz. We carried out sampling from January through March 2013; the breeding season of convict cichlids extends from January to June, which coincides with the long dry season when water levels are stable. We used 4 sites within the río Cabuyo, spanning approximately one kilometer of stream length. Two sites were deep pools, while the other 2 sites were shallow pools, connected by short stream sections. Movement of fish during the dry season is limited, as the lower water levels prevent individuals from traversing between different sections and pools. Additional information regarding the physical and water chemistry characteristics can be found in Wisenden (1995) . All sampling and behavioral observations were conducted at a maximum water depth of 1.25 m using mask and snorkel.
We captured reproductive (n = 22) and nonreproductive (n = 22) female convict cichlids to use as conspecific intruders (Figure 1 ). Fish were captured with aquarium hand nets and came from the same pool where focal breeding pairs were located. We believed it unlikely, however, that neighbor effects (Leiser and Itzkowitz 1999; Frostman and Sherman 2004; Olendorf et al. 2004 ) would influence the behavioral response of parents to intruders from the same pool. Only breeding pairs defend a territory (the vicinity surrounding their brood) and breeding and nonbreeding individuals are often found in different areas of the pool. Breeding pairs are typically found in the shallower parts of pools, whereas nonbreeding individuals forage throughout the pool and are often found in the deeper areas, which have a greater concentration of leaf litter and detritus for adults to feed on (A. Robart, personal observation). Nonbreeding individuals are attacked when they enter the vicinity of a breeding pair, as conspecifics, both adults and juveniles, are potential brood predators. Other potential brood predators at this site include other cichlid species, as well as several poeciliids and characins; only adults of the largest cichlid species, Parachromis dovii, are potential predators of adult convict cichlids (Wisenden 1994a; Gagliardi-Seeley et al. 2009 ).
We identified reproductive females based on the presence of gold coloration on their ventral area, whereas nonreproductive females were light tan on their dorsal with a pale grey ventral area (Wisenden 1995) . We are confident that we did not incorrectly identify males as nonreproductive females; males at this population exhibit distinctive pale yellow coloration along the ventral portion of their body. This coloration is typically observed around the operculum and area near the pelvic fins, but can extend to the caudal peduncle. The shape of the dorsal and anal fins also differs between males and females; in males the upper portion of the dorsal and lower portion of the anal fins extend several millimeters, whereas in females the fins have a more blunt appearance. We attempted to size match intruders as closely as possible for standard length (tip of snout to posterior end of caudal peduncle; SL); however, reproductive females were larger than nonreproductive females (Table 1; paired t-test: t = −6.42, df = 79, P < 0.0001). Intruders were on average smaller than parental females (paired t-test: t = −7.47, df = 159, P < 0.0001; Table 1 ) and smaller than all parental males (paired t-test: t = −34.97, df = 159, P < 0.0001; Table 1 ). After capture, intruders were measured for SL, weighed on an electronic balance (Jennings CJ600), and photographed. We held the intruders in an enclosure within the stream at all times except for when they were presented to breeding pairs. The enclosure was constructed from shade cloth (Cooleroo™, 70-80% cover) and heavy gauge wire, with a diameter of 60 cm. The enclosure was placed in the pool with several rocks in the bottom; depth was dependent on pool depth and ranged from approximately 60-90 cm. Occasionally we conducted experiments in the same pool on consecutive days and fish were kept overnight in the enclosure for use the following day. We checked intruders at the beginning of the next day to ensure appearance and behavior had not changed. Intruders were never used for more than 2 consecutive days.
We conducted an initial 10-min baseline behavioral observation for a separate study after locating breeding pairs with free-swimming offspring (fry). A pair of observers recorded the behavior for both parents and maintained a minimum distance of 1 m from the brood; this distance prevented us from disturbing the pair, while remaining close enough to observe parental behavior. For all observations we scored the following behaviors: chases (swimming rapidly at approaching fish; including instances when focal parent engaged in sustained chase of approaching fish), frontal displays (flaring opercula while facing another fish), time away from the brood (3 or more body lengths away), intra-pair bite (focal parent bites partner), and intra-pair frontal display (focal parent directs frontal display at mate); males also perform a lower intensity aggressive display (low level displays: swimming directly, but slowly, at approaching fish) that was recorded. As the main form of parental care is protection from predators, we considered aggressive displays and time spent in close proximity to the brood to be indicative of high levels of parental investment. We recognize that aggressive displays and time spent away from the brood are not equivalent in terms of risk to and energy expenditure by the parental fish. However, these metrics have been used in numerous studies in convict cichlids (Wisenden 1994a; Lavery 1995; Itzkowitz et al. 2002; Snekser et al. 2011; Robart 2012 ) and we believe they represent 2 important ends of the continuum of parental behavior that indicate an individual's investment level and engagement with the brood.
We conducted 2 additional 10-min observations after the baseline observation to measure parental response to the intruders (n = 80). Each breeding pair was presented with both intruder types, with the order of presentation randomized. Intruders were presented in a clear, plastic box (12 cm × 12 cm × 13.5 cm) with holes to allow for potential olfactory cues. We placed the confined intruder on the substrate, approximately 40 cm from the parents and fry. This distance was chosen as it was within the range at which breeding pairs would attack nearby fish during the baseline observation, but was far away enough from the brood to ensure parents still responded to other fish in the vicinity of the brood during the presentation. As we were focused on parental behavior, we were not able to record the behavior of the intruder as well; we did, however, check the behavior of the intruders prior to each presentation and did not use them if their behavior appeared abnormal (e.g., agitated or lethargic). We discriminated between chases, frontal displays, and low level displays based on whether they were directed at the confined intruder or to other fish in the general vicinity of the brood. It is possible that parental response to the intruders was affected by the density of other fish in the vicinity, and predator type and abundance does vary between the shallow stream and deeper pool sections in the río Cabuyo (Wisenden 1994a ). However, we believe that the repeated measures design of the experiment controls for this variation, as each pair serves as its own control with regards to the density of fish it encounters in its territory. We presented the first intruder immediately following the conclusion of the baseline observation whenever possible. However, one parent (usually the male) would occasionally leave the vicinity of the brood during the baseline observation and be gone through the end. In some instances, the parent could be seen foraging nearby; however, other times the parent was not within view, and thus its behavior during these absences is unknown (i.e., whether males were courting extrapair females). We waited until both parents were actively guarding the offspring, while staying with the brood and remaining parent, before presenting the intruder. We conducted the second intruder presentation as soon as possible after the completion of the first, with at least one person remaining with the brood if there was a delay (i.e., one parent absent). Only pairs for which we were successfully able to complete both intruder observations were included in the analyses.
We captured both parents and fry immediately after the final intruder observation. A cylindrical net (1 m diameter × 1.5 m height) was constructed from shade cloth (Cooleroo™, 70-80% cover) and several heavy gauge wire rings. The net was constructed with a skirted bottom that extended approximately 75 cm in all directions from the base, with leaded weights along the perimeter. Several empty plastic bottles (~250-475 ml) were attached to the top of the net for buoyancy. Both parents typically stayed within very close proximity to the brood and this allowed us to lower the net directly over the parents and brood. We used hand nets to capture the male once the breeding pair and fry were encircled. After the male was captured, we captured the fry using a combination of hand nets and a 30-ml plastic pipette. The female was caught once all the fry had been captured. The parents were kept together in an aerated (Penn Plax Silent Air® B11) 8-liter bucket, with the fry in a separate 8-liter bucket. We used visible elastomer implant (Northwest Marine Technologies, Shaw Island, WA) to uniquely mark parents along the dorsal area; this was done to ensure we did not resample any breeding pairs. We weighed and measured adults for SL and removed a small portion of the caudal fin as a genetic sample. We counted the fry and measured a subset of the brood (n = 10) to calculate mean fry SL.
We returned the parents and fry to the cylindrical net after processing. The female was placed in the bucket with the fry and the bucket was lowered into the net. Once the female and fry swam out we released the male, also within the confines of the net. We removed the net once at least one parent resumed guarding the brood.
Data analysis
Data were analyzed using JMP® Pro 12.0 (SAS Institute Inc., Cary, NC, 2013). Linear regression was used to analyze the relationship between male and female size within breeding pairs. We used principal component analysis (PCA) to summarize female and male behavior. PCA can highlight if particular suites of behaviors are used in conjunction with one another and contribute to a general pattern of behavior. We saved all principal components (PCs) with an eigenvalue greater than one (Norman and Streiner 2008) , resulting in 3 PCs each for female and male behavior. PCs that did not meet assumptions of normality were log transformed prior to analysis. To prevent final models from becoming too complex we first examined whether the breeding success of pairs affected parental behavior, since brood size and offspring age can influence male desertion rates (Wisenden 1994b) . We regressed mean fry SL on number of fry to control for predation-related attrition (Wisenden 1994a ) and used the residuals to test the effect of breeding success on parental PCs. After confirming that breeding success did not affect parental behavior (P > 0.10 for all PCs), final models tested the effects of intruder type, intra-pair size difference (M-F SL [mm], a measure of partner quality; Robart 2012), and the interaction between intruder type and intra-pair size difference on PC scores. We used linear mixed models with pair ID included as a random effect for analyses. Figures are presented with untransformed data.
RESULTS
Consistent with previous studies (Wisenden 1995; Robart 2012) , there was strong size assortative mating (F 1, 78 = 18.457, P < 0.0001). Males were larger than their partners for all breeding pairs and the intra-pair size difference ranged from 2.5 mm to 34.6 mm (mean ± SEM: 18.4 ± 0.7 mm). There was a high degree of similarity in the loading scores for the female and male PCs. For each sex, the first PC loaded most strongly for aggressive behavior directed at fish in the general vicinity of the brood and males also had low levels of time spent away from the young (Tables 2 and 3 ). Since these behaviors are indicative of increased investment in the offspring, we assigned Female PC1 and Male PC1 the labels of "Female Parental Care" and "Male Parental Care", respectively. The second PCs for female and male behavior loaded positively for aggression directed specifically at the confined intruder and thus were labeled "Female Intruder Response" and "Male Intruder Response", respectively (Tables 2  and 3 ). The final PCs indicated conflict between the parents, and were labeled "Female Intra-pair Aggression" and "Male Intra-pair Aggression". Males had high levels of both intra-pair bites and frontal displays, while the main display of intra-pair aggression for females was the frontal display (Tables 2 and 3 ). This is consistent with laboratory studies that have found females use frontal displays as their main form of aggression (A. Robart, unpublished data).
There was a significant interaction between intruder type and intra-pair size difference on Female Parental Care (Table 4 ; Figure 2a ). Females paired with higher quality males (i.e., larger intra-pair size difference) decreased their aggression at general potential brood predators during the reproductive intruder presentation, while a positive relationship between intra-pair size difference and Female Parental Care was observed during the nonreproductive intruder presentation. Females responded more aggressively to reproductive than nonreproductive intruders, indicated by higher Female Intruder Response values (Table 4; Figure 2b ). There was also a trend for females paired with higher quality males to respond more aggressively to intruders (Table 4; Figure 2b ). There was not a significant effect of intruder type, intra-pair size difference or their interaction on Female Intra-pair Aggression (Table 4) .
Male Parental Care was not significantly affected by intruder type, the intra-pair size difference, or the interaction between these effects (Table 4) . There was a significant interaction effect between intruder type and intra-pair size difference on Male Intruder Response. Males that were much larger than their mates had higher Male Intruder Response values when presented with the reproductive intruders, while there was a negative relationship between intra-pair size difference and aggression directed at nonreproductive intruders (Table 4 ; Figure 2c ). Intruder type, intra-pair size difference, and their interaction all failed to significantly predicted Male Intra-pair Aggression (Table 4) .
DISCUSSION
These results indicate that both partners of a breeding pair alter their response to extra-pair females when a visual signal advertises the intruder's reproductive status. Both parents aggressively attacked ornamented intruders, and this response was mediated by the difference in size between the male and female, an indicator of partner quality. Two studies on other species of cichlids (Lehtonen et al. 2010; Lehtonen et al. 2015) found parents responded more aggressively to nonbreeding congeners than those with breeding coloration, suggesting cichlids modulate their response to intruders based on the presence of a visual signal in other scenarios. However, in these studies, it is not surprising that both parents responded aggressively, as the heterospecific intruder represented a threat to the reproductive interests of both sexes. This contrasts with our study in which the reproductive intruders were a sexual rival for the parental female, but a potential mate for the parental male. While our findings are consistent with studies conducted in other species that have found females aggressively respond to extrapair females that threaten their mating status (Liker and Székely 1997; Kokita 2002; Morales et al. 2014) , our results also suggest that males did not view reproductive females as potential mates, but rather as potential threats. Males were observed attempting to court introduced females in a study on female defense of mating status in European starlings (Sandell 1998) , and our finding that males behaved aggressively toward reproductive intruders was therefore unexpected. An alternative explanation for male aggression toward the reproductive intruders is that males were defending their breeding territory, rather than their partners. The breeding territory contains the spawning cave, which males will sometimes reuse during the breeding season, mating with a new female each time (Wisenden 1995) . However, if the male was only interested in maintaining ownership of the spawning cave, it is unclear why he would respond aggressively to a female that would immediately be able to utilize this resource, thereby increasing his reproductive success via a second clutch of eggs. The pattern of higher Female Parental Care values for females with larger intra-pair size differences during the nonreproductive intruder presentation is consistent with the previous finding that female convict cichlids increase their parental care when paired with higher quality males (Robart 2012) . The increased parental investment is thought to stabilize the pair-bond in biparental species and capitalize on the reproductive benefits that high quality partners convey to offspring (Burley 1986 ). However, during the reproductive intruder presentation, females paired with higher quality males displayed lower Female Parental Care values. This suggests that females paired with higher quality partners shift a greater proportion of their aggression from general brood protection to the more specific threat that reproductive extra-pair females pose to their mating status. We observed a natural interaction between a breeding pair and extra-pair reproductive female that supports the interpretation that parental females reduce their parental care in order to focus their aggression toward an extra-pair female. Over the course of more than one hour we observed a reproductive female engage a parental female in sustained aggressive interaction in which the females chased, displayed at, and bit one another, with no obvious courtship behavior by either the reproductive female or the parental male. The females were very similar in size (parental female: 42.7 mm; reproductive female: 41.7 mm) and the intrapair size difference between the parents was close to the mean (20.3 mm; A. Robart, unpublished data). During this interaction, the parental female occasionally chased potential brood predators that entered the vicinity of the offspring, but she primarily directed her aggression at the extra-pair female. The parental female was unable to drive off the extra-pair reproductive female and the male abandoned his offspring and mate and paired with the new female by the end of the day. Reproductive females comprise only approximately 20% of nonbreeding females (Wisenden 1995) , so it is unclear how common this type of interaction is. However, reproductive females have previously been observed to court already paired males (Wisenden 1995) , suggesting that this type of interaction was not an isolated incidence.
Females responded more aggressively to reproductive than nonreproductive intruders and there was a trend for females with higher quality partners to respond more aggressively to intruders. This trend was driven mainly by the response of parental females to the reproductive intruders, relative to the effect of intra-pair size difference on Female Intruder Response during the nonreproductive intruder presentation. This suggests that partner quality can influence intrasexual competitive interactions in convict cichlids, in addition to altering intra-pair dynamics (Robart 2012) . The significant interaction between intruder type and intra-pair size difference on Male Intruder Response also suggests that males viewed reproductive intruders to be a threat, particularly when partnered with small females. Males responded more aggressively to reproductive intruders as the size difference between the parents increased. It was unexpected that males seemed to more vigorously defend their mating status when they were partnered with smaller, lower quality females, as male convict cichlids prefer larger females for breeding partners (Beeching and Hopp 1999) . Both intra-and intersexual dynamics, however, may explain the relationship between the aggressive response to reproductive intruders and parental quality that was observed for both partners of breeding pairs. Small females (i.e., those with large intra-pair size differences) would be less likely to win contests against larger extra-pair females that challenge their mating status (Keeley and Grant 1993) and consequently may respond more aggressively when interacting with intruders. Convict cichlids typically exhibit sex-specific roles during breeding, with females staying in close proximity to the offspring while males mainly engage in brood defense (Itzkowitz et al. 2001 ).
In size-mismatched pairs, large males perform a greater proportion of brood defense (Itzkowitz et al. 2005) ; the observation that males partnered with small, lower quality females responded more aggressively to reproductive intruders may therefore have been a result of these males emphasizing their typical parental role and taking on a larger proportion of defense. Although the possible explanations for why breeding pairs with large intra-pair size differences responded more aggressively to reproductive intruders may be different for each sex, ultimately both sexes showed higher levels of aggression toward reproductive intruders as the difference in parental quality increased. This suggests a similar, and potentially coordinated, response within breeding pairs to ornamented extra-pair females. A coordinated response may also explain why none of the fixed effects significantly predicted either Female Intra-pair Aggression or Male Intrapair Aggression, indicating that a potential pair-bond threat doesn't result in conflict between the parents over the different mechanisms that males and females typically utilize to maximize reproductive success. The similarity in response appears to be related to the size difference between the partners, which suggests that the behavioral similarity is dynamic, rather than being a fixed within-individual response. While convict cichlids have repeatable personality traits (Budaev et al. 1999 ), a recent study found that they mate randomly with respect to behavioral similarity (Laubu et al. 2017) . Behavioral compatibility (Spoon et al. 2006) , including similarities in brood defense strategy (Burtka and Grindstaff 2015) , contributes to higher reproductive success and stable pair-bonds (Triefenbach and Itzkowitz 1998; Spoon et al. 2007 ) in several monogamous, biparental species. A separate study by Laubu and colleagues (2016) showed breeding pairs of convict cichlids can overcome initial differences in personality type and become more similar after pair formation. Similar to our study, they focused on parental response to an intruder and examined changes in aggressive behavior before and after pairing. Pairs that had a greater degree of behavioral synchronization had more offspring, suggesting that a coordinated parental response to potential threats may be essential for successful reproduction. Pinxten and Eens (1994) found that the primary female of polygynously-mated males and monogamously-mated female European starlings had similar reproductive success, suggesting that a shift to polygyny does not necessarily reduce fitness in terms of the number of offspring produced (but see Smith and Sandell 2005 ). (B) Females responded more aggressively to reproductive intruders compared to their response to nonreproductive intruders, with a trend for females paired with higher quality males to respond more aggressively. (C) Males paired with lower quality females showed higher levels of aggression during the reproductive intruder presentation, while maternal quality was negatively associated with male aggression during the nonreproductive intruder presentation. See Tables 2 and 3 for PC loading values.
However, unlike most studies that have examined whether females were able to maintain their monogamous status through aggressive behavior (Sandell 1998; Kokita 2002) , convict cichlids have sequential monogamy (Keenleyside et al. 1990; Wisenden 1994a) , rather than simultaneous polygyny. This means that males are unable to divide their parental care between 2 broods at once. Male-deserted broods have fewer offspring that survive to independence than those with biparental care in other cichlid species (Nagoshi 1987; Balshine-Earn 1997; Lehtonen et al. 2011 ) and the costs and benefits of additional mating opportunities may be different compared to facultative polygynous systems. As few as 9% of broods survive to independence (McKaye 1977) , which may explain why males do not desert more often when interacting with extra-pair reproductive females. Although our findings indicate that males defend their mating status against extra-pair reproductive females, there are instances in which males will terminate the pair-bond and abandon the young before independence. Wisenden (1994b) examined the factors that predicted male desertion and found pair-bond stability was influenced by the costs of providing continued care, rather than lost mating opportunities. Males deserted more often when brood size was smaller than expected and when offspring were larger and nearing independence (Wisenden 1994b) . The natural interaction between the breeding pair and reproductive extra-pair female that we observed contained very large fry (mean ± SEM: 12.5 ± 0.6 mm; A. Robart, unpublished data) that were above the size at which offspring often disperse (~10 mm; Wisenden 1994b). The relatively minor benefit the offspring would have received from continued biparental care may explain why the male ultimately abandoned the young and paired with the extra-pair female despite initially behaving aggressively toward her. The ornamentation displayed by females in recent studies that have examined the role of visual signals in female intrasexual contests has often conveyed social or dominance status, usually in the form of a badge of status (Murphy, Hernandez-Mucino, et al. 2009; Midamegbe et al. 2011; López-Idiáquez et al. 2016) . Badges of status are typically permanent (but see Murphy, Rosenthal, et al. 2009 ) and indicative of quality, rather than reproductive receptivity, which is inherently temporally variable. Our findings indicate that both sexes are sensitive to the more transient nature of the ornamentation displayed by female convict cichlids when it indicates sexual receptivity. These findings also build on the results of Anderson and colleagues (2016) , which examined the function of the orange ventral coloration at Lake Xiloá, Nicaragua, a volcanic crater lake, where the "vast majority" of nonbreeding females display the ornamentation. A recent study found population differences in larval development, parental care, and antipredator behavior remained after rearing offspring in a common environment, indicating there may be significant behavioral and genetic differences between these populations (Wisenden et al. 2016) . Additionally, while ornamented females have been observed to court males that are currently guarding young at our study site (Wisenden 1995; A. Robart, personal observation) , this phenomenon has not been reported at Lake Xiloá. The potential differences in female signaling and courtship behavior between these 2 sites also highlight challenges of trying to understand broader patterns from field results when habitats differ substantially between study sites. A greater understanding of the degree to which the function of female ornamentation varies between populations will help provide greater insight into the ecological and evolutionary factors shaping these signals.
While there has been increased debate in recent years over how to classify female intrasexual competition (sexual selection: Shuker 2010; Rosvall 2011, vs. social selection: Lyon and Tobias et al. 2012) , parental and reproductive female convict cichlids are potentially competing over different resources. Parental females are behaving aggressively to retain their monogamous status and for continued paternal care, which will maximize their reproductive success. Reproductive females, however, may be competing for immediate access to a male to fertilize her eggs, in addition to his future parental effort. Convict cichlids have been observed to spawn eggs in the laboratory when housed only with other females (A. Robart, personal observation), possibly indicating that females are unable to reabsorb eggs once they develop. As females typically only breed once per year (Wisenden 1995) , if a female is not able to secure a mate by the time she is forced to release her eggs she may need to wait until the following year to successfully reproduce. This difference in the immediate resource that females are competing for highlights the complexities of female intrasexual competition.
In conclusion, the results of this study suggest that the gold ventral coloration displayed by reproductive female convict cichlids serves as both an intra-and intersexual signal. Secondary sexual traits with both intra-and intersexual functions are hypothesized to evolve first via intrasexual competition and are subsequently used for intersexual mate attraction (Berglund et al. 1996; Watson and Simmons 2010) . Parental females directed aggressive attacks at the reproductive intruders, with females mated to high quality partners reducing their aggression at other potential brood predators as a result. However, rather than being used as part of intersexual mate attraction, these results indicate that female ornamentation increases aggression in breeding males, particularly for those paired with smaller females. This suggests that males are also engaged in pair-bond defense, as the presence of reproductive intruders did not increase male aggression directed at the more general threat of potential brood predators. Because biparental care greatly increases reproductive success for both parents (Nagoshi 1987; BalshineEarn 1997; Lehtonen et al. 2011) , males may defend their mating status more vigorously when their partners would be at a competitive disadvantage due to their smaller size (Keeley and Grant 1993) . The increased number of offspring that reach independence would potentially offset the cost of lost mating opportunities for males. While our findings indicate that both parents defend the pair-bond against a potential threat, there is the potential for a similar dynamic, at least for females, in species where ornamentation advertises female reproductive status and female intrasexual competition influences mating and parental care dynamics. This would allow females (and their partners) to avoid costly interactions, while also guarding against potential threats. Future research should assess the conditions under which reproductive females target already mated males when unpaired males are also available. Female convict cichlids prefer larger males for partners (Noonan 1983 ) and parental females with higher quality mates may therefore be at a greater risk of having their mating status challenged by reproductive females. Alternatively, Wisenden (1995) suggested that small males at this site may be excluded from breeding as the SL of breeding males was significantly larger than nonbreeding males. However, whether female choice for larger males or intrasexual competition for spawning sites drives this pattern is unclear. These research avenues would provide insight into the social interactions breeding pairs face when rearing a brood to independence and the effect on reproductive success. While monogamy is often characterized by conflict between males and females, the results of this study suggest that when responding to potential threats to the pair-bond, cooperation between the parents may be the best strategy to maximize reproductive success.
